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A Brief History Of Antibiotic Resistance: How A 
Medical Miracle Turned Into The Biggest Public 
Health Danger Of Our Time

The discovery of penicillin marked the advent of the
age of antibiotics, an era where previously deadly
infectious diseases could be cured in days

Antibiotics, also known as antibacterials
and antimicrobials, revolutionized medicine
during the later half of the 20th century. But
as time goes on, the success of antibiotics
may be completely cancelled out by their
combative counterparts: resistant bacteria.



Alexander Fleming
• Alexander Fleming, who discovered penicillin, was also

one of the first scientists to warn about the perils of 
antibiotic resistance

• 1928. Alexander Fleming, a Scottish biologist, took the
fight against infections to a new level when he identified
penicillin, making this the year that the modern antibiotic 
era began.

• Fleming had accidently left an uncovered Petri dish of 
Staphylococcus bacteria near an open window in his
basement lab, and in the morning found that mold growth
had inhibited the bacterial growth



Discovery of new antibiotic families

• 1943. Penicillin was on its way to mass production and was used heavily to 
treat allied troops fighting in Europe during World War II.

• 1948. Transferring antibiotic use from medicine to agriculture. 

• 1950s–1970s. The next couple decades were considered the golden era of 
antibiotics, due to the sheer number of new drugs that were being developed: 
streptomycin, to treat serious infections like endocarditis and the plague; 
ampicillin, which treats respiratory tract infections and meningitis; and dozens 
of others.

http://amrls.cvm.msu.edu/pharmacology/historical-perspectives/the-golden-age-of-antibacterials




Events in the age of antibiotics



Development of  Antimicrobial resistance (AMR)



How antimicrobial resistance develops



Correlation between use in treatment and resistance

Number of unique β-lactamase enzymes identified since introduction of the first β-lactam antibiotics

Davies J & Davies D. Origins and evolution of antibiotic resistance. Microbiol Mol Biol Rev. 2010 Sep; 74(3): 417–433. 



The Tide Turns, The Superbugs Arrive
• 1955. As Fleming had predicted, resistance to penicillin gradually built up due to the

accessibility of the drug. By 1955, many countries had attempted to slow this resistance
by limiting penicillin use to prescription only, but it was too little too late: many bacterial
strains had already defeated the antibiotic, including staphylococci.



The Tide Turns, The Superbugs Arrive
• 1960. In an attempt to defeat penicillin-resistant strains, scientists developed methicillin, 

a different antibiotic in the penicillin class that could work against resistance. But within a 
year, bacterial strains developed resistance to methicillin too — eventually called MRSA , 
methicillin-resistant Staphylococcus aureus, or S. aureus . 

• Now, MRSA can resist most antibiotics, and infections are common in hospitals — making
it one of the biggest forerunners of multiple-drug resistant (MDR) bacteria.

• 1990s. A stronger resistant strain of MRSA began sickening normal, healthy people in the
1990s. This perhaps created a greater public awareness of the danger of antimicrobial
resistance.

http://www.mayoclinic.org/diseases-conditions/mrsa/basics/definition/con-20024479


Superbugs evolve further

• By 2002 , up to 60 percent of S. aureus cases in hospitals were resistant to 
methicillin. In 2005 , over 100,000 Americans were stricken with MRSA infections
and some 20,000 died, more than the amount of people who were dying from
HIV and tuberculosis combined, according to Harvard Magazine.

• 2012. In a 2012 study , a team of scientists proposed adding the terms
extensively drug-resistant (XDR) and pandrug-resistant (PDR) to multidrug-
resistant (MDR) bacteria to better help them classify and potentially defeat
these superbugs.

• 2013. After decades of certain researchers calling for action, the FDA finally
implemented a plan to phase out certain antibiotic use in animals.

http://onlinelibrary.wiley.com/store/10.1111/j.1469-0691.2011.03570.x/asset/j.1469-0691.2011.03570.x.pdf;jsessionid=85B24B818FE61C0217912291A9A947BC.f04t04?v=1&t=ikqtzh1n&s=527f5af3d57735715fa7bb524c5e541d4fdfba0c&systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+27th+February+from+09:00-14:00+GMT+/+04:00-09:00+EST+/+17:00-22:00+SGT+for+essential+maintenance.++Apologies+for+the+inconvenience.
http://www.fda.gov/forconsumers/consumerupdates/ucm378100.htm


Superbugs evolve further

• 2014. In response to major superbug outbreaks like Klebsiella
pneumoniae (which causes pneumonia and bloodstream infections in the
hospital) and gonorrhea strains all over the world, the World Health 
Organization (WHO) released a statement noting that “this serious threat is no 
longer a prediction for the future, it is happening right now in every region of 
the world and has the potential to affect anyone, of any age, in any country.”

http://www.who.int/mediacentre/news/releases/2014/amr-report/en/
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What does Antibiotic resistance mean?

https://www.youtube.com/watch?v=plVk4NVIUh8
https://www.youtube.com/watch?v=plVk4NVIUh8
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Global resistance rates of S. aureus to methicillin

Extracted from a report prepared by KPMG LLP in the UK, derived from research commissioned by the Wellcome Trust, as part of an independent review into 
anti-microbial resistance supported by the Department of Health and the Wellcome Trust. 
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Resistance rates of S. aureus to methicillin in Europe
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WHO priority pathogens list
for R&D of new antibiotics

* Enterobacteriaceae include: 
Klebsiella pneumonia, Escherichia coli, Enterobacter spp., 
Serratia spp., Proteus spp., and Providencia spp, Morganella spp.



Global impact of AMR by 2050

Optimistic AMR scenario: 
• losses of world output exceed $1 trillion 

annually after 2030 and reach $2 trillion 
annually by 2050.

Pessimistic AMR scenario: 
• losses of world output exceed $3.4 trillion 

annually by 2030 and rising further to $6.1 
trillion annually by 2050.

• 10 million deaths annually



Financial and human cost

• 23,000 people die annually in the US already
• 700,000 people die worldwide
• Both of these estimates are conservative
• Estimated to cost the US health care system 

20 billion USD a year

• 10 million deaths annually by 2050



Deaths From
Drug-Resistant
Infections Set 
To Skyrocket



Lack of antibiotic development in Pharma industry

Industry has stopped investing: 
• Restricted use         low sales
• Resistance        decreases sales
• Challenging development with high 

risk for toxicity

Low incentives have 
developed a discovery void



Death toll due to AMR by 2050



The antibiotics pipeline remains too weak

Need to ‘shift to supply curve’:
• ‘Push’ funding to channel more 

money in early research
• Novel ‘pull’ funding mechanisms to 

correct the antibiotics market

Not enough antibiotics in the pipeline 
due to well documented commercial 
challenges



Government reports



Organizations fighting AMR 

• CARB-X

• Bill and Melinda Gates foundation



• An estimated 200 million people in India
and Pakistan are carrying carbapenem-
resistant bacteria in their gut
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Current core competence
Technology with
(unexplored) potential 
in infection treatment
outside bone
regeneration

Areas where solutions are needed

Soft tissue
infection
market

Systemic
infection
market

Bone
infection
market
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Antibiotics paved the way for modern medicine

Without effective antibiotics modern medicine may come to an end as current treatments would no longer
be safe. Treatments related to

- Cancer chemotherapy
- Organ donation
- Caesarean sections
- Complex surgery
- Diabetes

could became very risky to perform
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Effect of efficacy reduction of antibiotic prophylaxis

Number of additional infections per year in 
the USA under four scenarios of decreased 
efficacy of antibiotic prophylaxis

Teillant et al. Potential burden of antibiotic resistance on surgery 
and cancer chemotherapy antibiotic prophylaxis in the USA: A literature
review and modelling study. Lancet Infect Dis 2015. 15(12): 1429-37
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Effect of efficacy reduction of antibiotic prophylaxis
Proportion of surgical site infections an infections after cancer chemotherapy caused by pathogens resistant to standard
prophylactic antibiotics in the USA.

Teillant et al. Potential burden of antibiotic resistance on surgery 
and cancer chemotherapy antibiotic prophylaxis in the USA: A literature
review and modelling study. Lancet Infect Dis 2015. 15(12): 1429-37
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Bacteria commonly encountered in orthopaedic practice

Bryson et al. Antibiotic prophylaxis in orthopaedic surgery. Bone Joint J 2016. 98-B: 1014-19



• Develop new antibiotics

• Phage (virus) therapy

• Targeted antibody therapy

• Antimicrobial peptides

• New antibacterial treatment
strategies

Solutions



• Fund early stage research

• Lum sum payments

• Harmonize regulation, facilitate
public trials and reduce duplication

Solutions to find new antibiotics



Long-term solutions
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